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SUMMARY 

As part of a general program, to determine the aerodynamic charac- 
teristics of bodies of revolution operating at supersonic speeds nr><^ at 
moderate angles of attach^ four model configurations of flnaiess ratios 
12.2 and 14.2 were Investigated In the HACA Lewis 8- by 6- foot super- 
sonic tunnel. Porce^ moment ^ and base-pressure coefficients were meas- 
tired for a range of angles of attach from 0° to 10° at free-stream Mach 
nTimbers of 1.50j 1.60^ 1.79, and 1.99 within a range of Reynolds numbers 
from 29X10® to 40XL0® based on body length. 

» 

At zero angle of attack the experimental results of the Investi- 
gation Indicated that the Increase In model fineness ratio from 12.2 
to 14.2, by adding a cylindrical section, did not appreciably affect 
the total drag, measured, base drag, or fore drag coefficient. Boattall- 
Ing, however. Increased the model fore drag but decreased the measured 
base drag considerably, res\iltlng In a considerable decrease of total 
drag. Decreasing the boattall convergence from 0.174 to 0.074 Increased 
the measured base drag but decreased the model fore drag with a sub- 
sequent further decrease In total drag. At angle of attack the Increase 
of model fineness ratio, by adding a cylindrical section, resulted In 
an Increase In the Incremental fore drag and lift coefficients based on 
maximum cross-sectional area. The center of pressure location as a per- 
cent of the model length was unchanged by the Increase In fineness ratio. 
Boattalllng produced a decrease dn lift and Incremental fore drag and a 
forward mov ement of the center of pressure location with a resultant 
Increase In pitching moment about the first station of TnRviTmnn cross 
section located approximately 7.5 TTinv-tTmim diameters from the nose. 
Decreasing the boattall convergence did not appreciably affect the lift 
but Increased the Incremental fore drag and the pitching moment about 
the first station of maxi mum cross section. 
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Comparison of experimental results vLth. results calculated vltli the 
method presented hy Allen (reference l) , which approximates the effects 
of viscosity on an Inclined hody of revolution, Indicated that this 
method was a significant Improvement over the linearized potential theory 
In predicting the forces on a slender hody of revolution, particularly 
at the higher angles of attack. For the c ylind rical afterhody models, 
the use of Allen's method overestimated the lift coefficient but pre- 
dicted the center of pressure location quite accurately. Xhe lift coef- 
ficient was predicted for the boattall model at the low free-stream 
Mach number but the center of pressure location was estimated too far 
ahead of the base by the miethod presented by Allen. 


nmioECfciTiaii 

A series of bodies of revolution have been Investigated In the 
8- by 6-foot supersonic tunnel as part of a general program to determine 
the aerodynamic characteristics of bodies of revolution at supersonic 
speeds and moderate angles of attack. For this Investigation, the para- 
bolic body of revolution of references 2 and 3 was modified aft of the 
station of mftYlTituTn diameter (station 45) by changes In the afterbody 
contours. 

The purposes of this investigation were to provide aerodynamic force 
and moment data for bodies of revolution and to determine the effects on 
the aerodynamic characteristics produced by changes In the model fineness 
ratio, afterbody shape, and boattall convergence. The experimental data 
are compared with values calculated by existing theoretical methods (ref- 
erences 1 and 4) to provide a further evaluation of these methods. 

The four configurations were investigated for a range of angles 
of attack from 0° to 10° and at free-stream Mach numbers of 1.50, 1.60, 
1.79, and 1.99. The Reynolds numiber based on body length was approxi- 
mately 35XL0®. 


SYMBOLS 

The following symibols are used in this report: 

Cj) total drag coefficient, P/qnSmpy 

Sh 

base pressure drag coefficient, -C^ -jj 

drag coefficient of circular cylinder section based on cross- 
flow Mach number and Reynolds number based on TnA-irtitnim body 
diameter 
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AC 


D,F 


Cd,p 

Cl 

Cm, 45 
Cff 


Cp,b 

T> 

Ds 

d 


L 


Incrgnental fore drag coefficient, (Cj^-Cp -j,) at angle of attack 
minus (Cp-Cp^Ta) zero angle of attack 

boattall suirface pressure drag coefficient 

lift coefficient, L/q^ a^y 

SLj CT 

pltchlng-moment coefficient atout station 45, — 

^®max^ 

normal force coefficient, — ^ — 

'^®max 

■base pressure coefficient, (p-PQ)/qQ 
drag force 
base diameter 
sting diameter 

center of pressure location ahead of base measured Rinwg 

body axis, Z+(Z-45) 

Clf 

lift force 


I 

M 

“45 


K 

P 


q 

Sb 

Smax 


model length 
Mach number 

pitching mom en t about station of TnaytTmim cross section, 
approximately 7.5 maximum diameters from, nose (station 45) 

normal force 

static pressure 

dynamic pressure, X pjj^ 

2 

area of base 

maxi mi nn cross-sectional area 


a 


angle of attack 


r 


ratio of specific heats (l.40) 

ratio of drag coefficle^ oC'clrcfcLar cylinder of finite length 
to that for cylinder of infinite length 
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Subscripts: 
b model base 

p pressure 

s sting 

0 free -stream conditions 


APPARA3US ABD FEOCEDUSE 

Schematic of the coxflguratlons of this Investigation are 

presented In figure 1. Xhe equations and the coordinates of the models 
are given In table I. 

The basic body common to models 1^ 2^ 3^ and 4 consisted of a 
sharp-nose parabolic contoured body of revolution Identical to the 
poirtlon of the BACA BM-10 fuselage (of referenoee 2 and 3) ahead of the 
station of Twft.Trirrnmi oToss Section approximately 7*5 Tnaxhmnn diameters 
from the nose (station 45), followed by a cyllndrloal section approxi- 
mately 2.71 diameters In length. 

Models 1 and 2 -were formed by attaching a 12-lnch boattall section 
and a 12-lnch cyllndrlced. section, respectively, to the basic body. 

Models 3 and 4 were obtained by Inserting a cylindrical section, 

11.75 inches In length, between the basic body and the end sections of 
models 1 and 2, respectively. 

The models were sting supported from the main tunnel strut with 
the strain-gage balance located Inside the models. Only the forqes on 
the bodies were measured and, no tare corrections were necessary. 

The angle of attack of the model was determined by adding to the 
Indicated strut angle a statically calibrated model Inclination due to 
sting and balance deflection resulting from the measured normal forces 
and momenta. The static pressures at the base of the model were measured 
by four orifices located around the base of the model as shown In 
figure 1. 

Each configuration was Investigated at free- stream Mach numbers 1.50, 
1.60, 1.79, and 1.99 for a range of angles of attack from 0° to 10°. The 
average Reynolds number for each model, based on mod e l length. Is shown In 
table U for each free-strecm Mach number. 
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MECHOD OF CCMPUTAHOir AND EEDDCTION OP DATA 

The measTJred normal and airifti forces vere analytically resolved Into 
lift; and drag con^onents. Pitching moment was measured about station 45 
and Is presented In coefficient form. 

The esEperlmental results obtained for the models of fln^ess ratio 
14.2 at Mach numbers 1.50 and 1.60 are subject to the effects of model 
nose shock reflecting from the tunnel vails Into the vicinity of the 
base. For the models of fineness ratio 12.2 at the free-stream Mach num- 
ber of 1.50, It -was expected that the reflected shock Intersected the 
sting downstream of the model base but the base pressure might atm be 
affected as Indicated In reference 5. For all models, however, the effect 
on the force coefficients other than the base drag coefficient was pre- 
sumed to be coit^>aratlvely small. 

The data at a free-stream Mach number 1.50 for models of fineness 
ratio 14.2 and 12.2 and the data at a free-stream Mach number of 1.60 
for models of fineness ratio 14.2 were probably affected by weak disturb- 
ances In the flow (reference 3) . Due to the lack of pressure Instru- 
mentation no correction to the data could be evaluated. However, the 
probable magnitude of the effect of reflected nose shock and the weak 
txumel disturbances will be discussed and Indicated subsequently. 

Based on the data presented In reference 6, for the ratio of sting 
diameter to maximum body diameter of 0.40 and the ratio of unobstructed 
sting length to maximum body diameter of approximately 2.71, the effect 
of the sting on the base pressure drag of models 1 and 3 Is believed to 
be negligible. Any further effect of the sting on the boattall surface 
pressure drag Is also presumably quite small. For models 2 and 4, how- 
ever, it was Inferred from the data of reference 5 that the base-pressure 
drag may be significantly affected by the presence of the sting, but no 
correction for this effect was feasible. 

The theoretical 31ft, drag, and pitching moment of the bodies were 
cooqruted from the linearized potential theory (assmulng flow follows 
entire body) presented In reference 4 and the method of reference 1. 

Based on the conditions of this Investigation, an average value of 
Tj ■ 0.72 and an average value of (, « 1.2 was used for the method 
of reference 1. 


RESULTS AND DISCUSSION 

The variation of lift coefficient (based on TnftvlTmnin cross-sectional 
area) with angle of attack at four Mach numbers Is presented In figure 2 
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for the fo^lr models. These data Indicate that the lift ciirve slope 
Increased -with angle of attack and free-stream Hach ^number for both the 
cylindrical afterbody and boattalled models. At HTnali angles of attack, 
however, the lift coefficient was nearly Independent of free-stream Mach 
number. 

The calculated variations of lift coefficient with angle of attack 
based on linearized potential theory and the method of reference 1 are 
also Included In figure 2. Inasmuch as the calculated values are 
Independent of free-stream-Mach number, neither potential theory nor 
the method of reference 1 predicts the Increase In lift with free-stream 
Macb number. In general, potential theory underestimated the lift for 
eO.1 configurations. At hl^ angles of attack the underestimation was 
more pronounced for the boattalled models (figs. 2faJ and 2(c)) than for 
the cylindrical afterbody models (figs. 2(b) and 2(d)). At angles of 
attack below approximately 4°, the theoretlceil values are In fair agree- 
ment with the experimental results for the cylindrical, afterbody models. 
The inability of linearized potential theory to predict Idle lift above 
4° angle of attack may be attributable in part to the effects of vis- 
cosity and in part to the Inability of the theory to accurately predict 
the potential flow pressure distribution due to angle of attack as 
discussed In reference 7. 

The method of reference 1 is in good agreement with the lift coef- 
ficient data of the boattail models, particularly at the low free-stream 
Mach numbers as shown In figures 2(a) and 2(c). For the cylindrical 
afterbody models, however, the calcxilated lift coefficients overestimate 
the experlmenteQ. data at all free-stream Mach numbers, particularly the 
data at the low free-stream Mach numbers as shown In figures 2(b) and 
2(d). 


In general, approximating the viscosity effects by the method of 
reference 1 results In a significant Improvement over potential theory 
In predicting the lift coefficients, especially for the boattail models, 
and for the cylindrical afterbody nxidels at the higher angles of attack. 

For these models, the cross-flow Reynolds number from which the 
value of (used In method of reference l) Is determined falls 

within the criticEO. range indicated in reference 1. Consequently, the 
value of CjL^g would vary abioptly and an erratic variation of 

would be expected. Examination of eOl. lift data does not, however, 
reveal any noticeably erratic trends except for a slight decrease in the 
rate of increase of the lift curve slope for model 2 between 20 and 40 
angle of attack. This small deviation may possibly be attributable to 
the critical cross-flow Reynolds nxanber but Is not substantiated by the 
data of model 4, which more closely approximates a smoothly Increasing 
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lift ciirve than, model 2 . Model 4 would lie eacpected to he more sensitive 
to cross-flov Beynolds number in the critical range because It has a 
longer cylindrical length than 2. It was therefore concluded that 

for these data there was no significant effect on the lift resulting from 
the variation of the cross-flow Reynolds number in the critical range. 

The value of ■ 1.2 used in the method of reference 1 provltes 

reasonably good agreement between the calculated and experimental values. 

In addition^ the trend of the lift variation is better approximated by 
the use of a constant value of than a vstrlable correspond- 

ing to the cross-flow Reynolds number at each angle of attack as shown in 
figure 2(b) . 

The variation of pitching-moment coefficient with angle of attack 
for the four configurations is presented in figure 3 at four Mach numbers . 
Although the pitching-moment coefficient is essentially independent of 
free-stream Mach number ^ a anw-n decrease was noted with increasing free- 
stream Mach nuniber for the boattail model of fineness ratio 14.2 
(fig. 3(c)). 

As shown in figure Z, the pitching-moment coefficients calculated by 
both potential theory and the method of refer^ce 1 show an increasing 
divergence for the arbitrary center of moments chosen in this investigation 
(station 45). Better agreanent was obtained between the calculated values 
and the easperlmental pitching-moment coefficients for the cylindrical 
afterbody models (figs. 3(b) and 3(d)) than for the boattail models 
(figs. 3(a) and 3(c)). These results^ however^ appear fortuitous because 
the agreement between the calculated values and the experimental pitching- 
moment coefficients will be influenced by the location of the center of 
moments. (For exarrple, at 6^ angle of attack at a free-stream Mach number 
of 1.50, the method of reference 1 would overestimate the pitching- 
moment coefficient for model 2 abouo, station 0 by approximately 40 per- 
cent, whereas potential theory would underestimate the experimental 
results by nearly 30 percent. The same inadequacy of potential theory 
and the method of reference 1 to predict the pitching-moment character- 
istics can be demonstrated for the boattail models. It can be concluded 
that agreement of the calculated with the experimental pitching-moment 
characteristics was d^endent upon the arbitrarily selected center of 
moments. ) 

The variation of center of press^lre location with angle of attack 
for the four models is presented in figure 4, as the ratio of its dis- 
tance from the base to the body length d/l. The center of pressure 
moved rearward with increasing angles of attack for the cylindrical 
afterbody and boattsd.1 bodies. The rearward shift of the center of pres- 
sure location for the boattail models (figs. 4(a) and 4(c)) was about 
30 percent of the model length and for the cylin^ical afterbody models 
(figs. 4(b) and 4(d)) the rearward shift was about 12 percent of the model 
length. 

aniTfimvAr-- 
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IThese results Indicate a greater Increase In the forces over the 
boattall section vlth Increasing angle of attack than for the corres- 
ponding cylindrical afterbody section. 

The center of pressiire locations for the cylindrical afterbody 
models vere virtually Independent of free-stream Mach number. The mBud- 
mum rearvard. shift trlth Increasing free-stream Mach nimiber vas about 
4 percent of the model length. The boattall models^ however ^ eaqperl- 
enced a rearward movement of the center of pressure location of approxi- 
mately 18 percent of the body length at the low Emgles of attack to 
10 percent at the hl^er angles of attack as the free-stream Mach number 
was Increased from 1.50 to 1.99. « 

Conqparlaon of the ejqperlmental center of pressure location with the 
values calculated by the potential theory Indicates that the theory pre- 
dicted the center of pressure location too far forward of the base for 
these models. Better agreement Is obtained between the potential theory 
and the experimental center of pressure location for the cylindrical 
afterbody models ffigs. 4(b) and 4(d)) than for the boattall models 
(figs. 4(a) and 4(c)). 

Inasmuch as the potential theory does not predict the rearward 
shift of the center of pressure with increasing angle of attack the 
discrepancy between the theoretical values and the data becomes more 
pronounced at the higher angles of attack. 

The rearward shift of the center of pressure with angle of attack 
Is predicted reasonably well for the boattall models by the method of 
reference 1. The calculated values are, however, too far forward of the 
base at all free-stream Mach numbers and angles of attack. For the 
cylindrical afterbody models the method of reference 1 predicted the 
center of pressure location acciurately (figs. 4(b) and 4(d)). In general, 
the method of reference 1 shows a marked inprovement, in the prediction of 
the center of pressure location for the bodies of revolution, particularly 
for the boattailed bodies. 

The variation of Incremental fore drag coefficient with angle of 
attack for the four models at four Mach numbers Is presented In figure 5. 
In general, the method of reference 1 predicts the Increase of Incre- 
mental fore drag with single of atteu^, “tdiereas the potential theory 
appreciably underestimates the measured values at the ghPf angle of 
attack. The underesti m ation of the incremental fore dreig is associated 
with the inability of the potentisJ. theory to predict the normsil force 
or the lift. 


< aiin*TTwmffrtr^ 
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Con^iaxlsoii of the aerodynamic characteristics of models having the 
same ratio of hase area to -rtiRvlTOiTm area^ hut different fineness ratios 
are presented, in figure 6 to show the effect of fineness ratio on the 
aerod^mamlc characteristics . These data show that Increasing the fine- 
ness ratio from 12.2 to 14.2 restilted. in an Increase in the lift coef- 
ficient as might he eacpected. from, consideration of viscosity effects. 

The Increase in lift coefficient at each angle of attack for hoth eifter- 
hody configurations was practically independent of the free-stream Mach 
number (figs. 6(a) and 6(h)). 

Inasmuch as the Increased fineness ratio for these mod e ls vas 
obtained hy inserting a cylindrical section of maYimum diameter aft of 
station 45^ it -would he anticipated that a decrease of moment coeffi- 
cient about station 45 would result from the increment of lift force. 

This decrease of moment coefficient is evidenced in figures 6(c) 
and 6(d) which present the -variation of the pitching-moment coefficient 
-wi-th free-s-bream Mach number for a range of angles of attack. Q?he 
decrease in pitching-moment coefficient -with Increase in fineness ratio 
-was larger for the cylindrical afterbody models than for the hoattall 
models even though the lift coefficient increment -was nearly the same 
for hoth configurations. This differeme in decrease of moment coeffi- 
cient may he attributed to an effectively larger moment arm for -the 
resultant incremental normal force on the aft pmrtion of the cylindrical 
afterbody model. 

Althou^ the lift increased and pitching moment about station 45 
VBB reduced -wi-fch Increased fineness ratlo^ the center of pressure location 
as a percent of the model length -was not changed appreciably as de-termlned 
from figure 4. 

The variation of the incremental fore drag coefficient -with free- 
stream Mach number is presented in figures 6(e) and 6(f) for a range of 
angle of attack. These figures Illustrate a slight Increase in incre- 
mental fore dreig coefficient -with Increase in fineness ratio at each 
angle of attack. The Increase in this parameter -with Increased fineness 
ratio is -vir-tually proportional to the increase in normal force coeffi- 
cient inasmuch as the total social force coefficient did not vary appreci- 
ably -with this Increase of fineness ratio. 

The effect of boattailing on the aerodynamic characteristics is 
shown in figure 7. The higher lift coefficient obtained for the cylln- 
drlcial afterbody models than for the boattail models at each angle of 
attack and free-stream Mach n-umber can be attributed to -bhe negative 
lift cooponent over the boattail cjf models 1 and 3 (figs. 7(a) and 7(b)). 


rflWTninrrTftT 
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As night be anticipated^ the negative lift con^onent on the boat- 
tail loodels 1 and 3 resulted In an appreciable Increase of pitching 
nonent about station 45 as conpared to the corresponding cylindrical 
afterbody model (figs. 7(c) and 7(d)). This Increase In pitching 
moment Is approximately Independent of free- stream Mach number but 
Increases vlth Increasing Angle of attach. 

At each angle of attack a larger increase of moment coefficient 
between the cylindrical afterbody and boattall models vas measured for 
the models having a fineness ratio of 14.2 than the models having a 
fineness ratio of 12.2. This larger Increase In moment coefficient 
results from the difference In lift compcoients between the boattall and 
cylindrical Etfberbody sections acting at a greater dlsteuice from the 
center of moments for the bodies of larger fineness ratio. 

The variation of Incrementetl fore drag with free-stream Mach number 
Is presented In figures 7(e) and 7(f) for a range of angles of attack. 

The Incremental fore drag was nearly Independent of body shape at low 
angles of attsick. For the bodies of fineness ratio 14.2 at 10° angle of 
attack, hoirever, the higher inoremental fore drag for the cylindrical 
afterbody model than the boattall model Is largely due to the greater 
Increase of the normal force of the cylindrical afterbody model ccmopared 
to the boattall models. 

some Indication of the effect of boattall convergence (defined as 
ratio of difference between maxlTnum diameter and base diameter to twice 
the boattall length) on the aerodynamic characteristics cem be obtained 
by conparlng the results of model 1 with the data for the NACA BM-10 
presented In reference 3. The two models were identical with respect to 
base area, maximum cross-sectional area, over-all length, and body shape 
for the first 7.5 maximum diameters of model length (that Is, to 
station 45). The model of reference 3, however, had a boattall con- 
vergence ratio of approximately 0.074 as compared to a boattall con- 
vergence of 0.174 for model 1. The variation of lift, pitching moment, 
and Incremental fore drag coefficients with free-stream Mach numbers for 
these two models Is presented In figure 8 for a range of angles of attack. 
The lift coefficients presented In figure 8(a) are approximately equal 
and are not appreciably Influenced the change In boattall convergence 
of these two models. The pitching moment presented In figure 8(b), 
however, decreased for the leorger boattall convergence, particularly at 
the higher free-stream Meuih number and angles of attack. The lower 
pitching moment for model 1 compared to the model of reference 3 Is not 
In agreement with the prediction based on linearized potential theory and 
is probably Indicative of the Influence of the body geometry on the vis- 
cosity effects. An appreciable Increase In the Incremental fore drag 
coefficient (fig. 8(c)) occurred with the decrease in boattall convergence 
at an angle of attack of 6° and 8°. 
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She effect of eifter'bodT' shape on the drag parameters at oP aj> gi c> 
of attack can he determined, from figure 9. The variation of total 
drag, hoattall pressure drag, fore drag, and hase drag coefficients Tri.th 
free-stream. Mach number are presented, for the modela 1, 2, 3, a-nd 4 and 
the modal cf references 2 and 3. These data vere presumahly Influenced 
by tunnel flew Irregularities (reference 3) at free-stream tfech numbers 
1.50 and 1.60 but no corrections could be calculated for these effects 
because of the lack of pressure Instrumentation. The dat$i at free-stream 
Mach numb ers of 1.79 and 1.99 vere th^efore extrapolated to 1.50 and 
1.60 In accor danc e vlth the linear variations of the data observed In 
reference 3 to Indicate the probable extent of the effect of the tinmel 
flov Irregularities on the data. 

The extrapolated curves Indicate that the probable effect of the 
flov Irregularities vaa to reduce the total drag coefficient at free- 
stream Miach numbers of 1.50 and 1.60 to a Tnn.vdTmiTti of 6 percent 
(fiS* 9(8i))« The decrease' In toteG.-drag coefficient resulted primarily 
^om the decrease In the 'base drag com 3 >onent (fig. 9(b)) and to a gnw.n 
extent "by the reduction of the fore drag (fig. 9(c)) or more specifically 
the reduction of the boattedJ. siurface pressmre drag (fig. 9(d)). (Boat- 
tall surface pressure drag for model 1 vas computed as the dl^erence In 
fore drags of models 1 and 2.) 

Although the effect of fineness ratio (Increased by adding a 
cylindrical section) on these drag components vas small, the effect of 
boattalUng vas of significant proportion. The Influence of 'boattalUng 
on the dreig components vas determined Ty comparing the wv>d^T having' a 
c ylindr ical afterbody (model 2) vlth the models having the same forebody 
and fineness ratio (12. 2) 'but vlth varying boattall convergence (0.174 
and 0.074 on model 1 and liie HACA EM-10, respectively). 

The .total drag of the model having a cylindrical afterbody vas 
reduced approximately 30 percent by a boattall convergence of 0.174 
(mod e l l) and decreased "by approximately 45 percent by Increasing the 
boattall length by decreasing the convergence to 0.074 (BACA EM- 10), The 
redu c tion In total drag Is effected primarily by the large reduction In 
the base drag of approximately 75 percent as a result of boattalUng 
(fig, 9(b)); for the boattall models, the fotre drag Increased vlth 
Increasing 'boattall convergence. The Increased fore drag Is due to the 
Increased boattall sTirface pressure drag as shovn In figure 9(d). 

The variation of 'base pressure coefficient vlth free-stream Mach 
number for the configurations Investigated nnri the of reference 3 

Is presented In figure 10 at an angle of attack of 0°. T’h** effect of 

boattal Un g vas to dsoi^ease the magnitude of the negative base pa?es- 
sure coefficient compared to the base pressure coefficient of the 
cylindrical afterbody models. 
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A hysteresis effect on base pressure vlth Increasing and decreasing 
angle of attack as reported In reference 3 vas also noted In this 
Investigation. The average values, however, were presented as the 
Increment of "base pressure coefficient with angle of attack at four Mach 
nvunbers In figures U(a) to 11(d) . The effects of fineness ratio and 
hoattalllng on these data are not distinct. However, a qualitative 
estimate of the effect of angle of attack on the hase pressure coeffi- 
cient can he determined from figure 11. 


SUMMARY OF RESULTS 

Thg* aerodynamic characteristics of four slender pointed-nose bodies 
of revolution were Investigated In the NACA Lewis 8- hy 6-foot supersonic 
wind tunnel at a Reynolds number of approximately 35X10® and at free- 
stream Mach numbers of 1.50, 1.60, 1.79, and 1.99 through a range of 
angles of attack. From this Investigation the following results were 
obtained; 


1. Increasing the model fineness ratio from 12.2 to 14.2 by adding 
a cylindrical section did not appreciably affect the measured total drag, 
base drag, fore drag, or the base pressure coefficient at zero suigle of 
attack. The Increase in model fineness ratio resialted in an increase In 
the Incremental fore drag and lift coefficient at angle of attack. The 
center of pressure location as a percent of the body length was not 
changed by the Increase In body fineness ratio. 

2. At an angle of attack of 0°, boattailing increased the n»del 
fore drag but decreased the measured base drag appreciably with a 
resultant decrease of total drag. The measured base pressure coefficient 
was also decreased. At emgle of attack, boattailing produced an increase 
In pitching moment about the station of Tnaxlmum diameter located ' approxi- 
mately 7.5 Tna-x-timiTn diameters from the nose and a decrease In lift and 
Incremental fore drag. 

3. Decreasing the boattail convergence from approximately 0.174 to 
0.074 Izicreased the measiired base drag but reduced the model fore drag 
with a resultant decrease of the model total drag at 0° angle of attack. 
With increasing angle of attack, the lift was not appreciably affected by 
the change In boattail convergence but the pitching moment about station 45 
and the Incremental fore drag were Increased. 

4. The method developed by Allen (reference l) was a significant 
Ijogprovement over the linearized potential theory In predicting the aero- 
dynamic characteristics of bodies of revolution Investigated, particularly 
at the higher angles of attack. 
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5. For the cylindrical afterbody models, use of Allen's method 
overestimated the lift coefficient above 2° angle of attack at H.n flree- 
stream Mach numbers but predicted the center of pressure location quite 
accurately for these condltons. For the boattall models at h-TT angles 
of attack, the Allen method generally vas In good agreement with the 
3 lift coefficients at the low free-stream ttech nusibers but predicted the 

^ center of pressure location too far forward of the base at an free- 

stream Mach numbers. 


Lewis Flight Propulsion Laboratory, 

National Advisory Comm1 ttee for Aeronautics, 
Cleveland, Ohio, September 15, 1950. 
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(d) Flnanesa ratio, 14.2} Bh/ S^w 1.00. 

Hfiure 5. - Concludod. Tkrlatlon of pltcUog-iiiaBeat coafflslest vlth angle of 
attack at four Hach mniierB for four nodela inrestlgatad. 
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(b) rinenesa ratio, 14.2. ^ 

Flsure 7. - Effect of . boattaillnc on aerodynamic characterlatlca of four modela 

iDveatlgated. 







FlteUng-BOBast eoeffiolcnt, Cg |^45 


UACA BM E51C06 




n 0.S67 1 

O 1.000 2 

p .1567 3 

9 1.000 4 














I 








1 

i 





• 




Angle of 
attack 
(flag) 


1 





8 




10 




j 







1 

— < 

> 
















8 

^ 





















4 









ft 



4 

u 













1 — 

1 

> 






2 






f 






£ 

D 











sum 




(c] I'lnoasaB ratib^ 12.8. 



(d) niiBiieaa ratio, 14.8. 

Figure 7. - Contlmiad. Effect of IxiattalllDg on aerodjrnaalc cbarae- 
tereatlca of four modela laveatleBted. 
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Cb) Fltohloe-moaeat coefficient. 




Free-etr^m Ibcb number, 

(c) Increment of fore drag coefficient. 


Figure 8. - Effect of boattall convergence on aerodynamic cbaracterletlcs 
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Ttgure 9. - Effect of .fineness ratio and afterbody slag>o oxTib'ag coeffielmts at an{p.c of 

attack of 0°. 
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pare 10. - Vetrlatlon of base pressure coefficient wltb HEUsh mmber at angle of 

attack of 0°. 
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(d) Free- stream Mach number, 1.99. 

Figure 11. - Variation of Increment of base pressiure coefficient with angle 
of attack of various Mach cumbers for four nndels Investigated. 
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